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Abstract

Aims Inequalities in diabetes prevalence among immigrants from Andean countries remain unknown. Andean populations
are one of the largest groups of immigrants in Madrid city. We examined the association between country of birth and type
2 diabetes mellitus (T2DM) prevalence in Andean immigrant population relative to Spanish-natives; and whether this asso-
ciation varied by age, sex and length of residence.

Methods We analyzed 1,258,931 electronic medical records from Spanish native and Andean immigrant adults aged
40-75 years of Madrid city. We used logistic regression and test interaction terms to address our aims.

Results Andean immigrants showed 1.13 (95% CI 1.10-1.17) greater adjusted odds for T2DM than Spanish natives. This
association was positive in Ecuadorians and Bolivians but protective in Peruvians and Colombians. There was heterogeneity
of this association according to age and sex. Relative to Spanish natives, odds of T2DM in Andeans of all ages and women
were higher but lower in men.

Conclusion Andean adults showed greater odds of T2DM compared with Spanish native adults in Madrid, with variation
observed by age and sex. These findings emphasize the need for studying immigrant populations in a disaggregated manner
to implement specific clinical and preventive approaches.

Keywords Type 2 diabetes - Immigrants - Place of birth - Length of residence - Natives - Latinos

Introduction

Diabetes mellitus (DM) is a public health problem world-
wide and an important cause of premature death, disabil-
ity and large economic burden for the health care systems
Managed by Massimo Porta. and the wider global economy [1]. Worldwide, 8.8% of the
adult population had DM in 2015 [2], with around 90% of
the cases being type 2 diabetes (T2DM). In Europe, the
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age-adjusted DM prevalence in adults was 6.8% (5.4-9.9%)
in the same year [3]. For Spain, data showed a national
age—sex-adjusted DM prevalence in adults > 18 years of
13.8% in 2010 [4]; where 31-75 year-old adults showed a
prevalence of DM of 8.3% in men and 5.6% in women. In
Madrid Community, data showed an estimated prevalence
among adults 30-74 years old of 12.3% in men and 6.4% in
women in 2015 [5]. T2DM may be affected by social and
cultural factors that may explain the greater prevalence in
urban settings [6].

Immigration in Europe is an ongoing sociodemographic
phenomenon that started in the 1950s and has increased
since the 1990s [7], with Spain and Italy showing the high-
est increases between 2000 and 2015 [8]. Europe is one of
the fastest growing destinations for migrants originating
from Latin America and the Caribbean (6.4% per year) [8].
According to the 2015 Statistics National Institute of Spain
(INE) [9], the immigrant population defined by country of
birth comprised more than 12% of the total population of
Spain; where for Madrid, this population represented 17.9%.
The majority of the immigrant population in Madrid comes
from South America (40.1%), a very diverse region, with a
subgroup from Andean countries sharing important social,
cultural, economic and historical ties [10]. According to
the INE, Andean immigrants in Madrid city from Bolivia,
Colombia, Peru and Ecuador represent 72.6% of the South
Americans.

Despite the immigrant population being younger and
healthier than natives, they are at greater risks of mortality
and/or morbidity of DM than natives [11]. In the United
States (US), Hispanics have the highest DM prevalence rela-
tive to other racial/ethnic minority groups [11]. In Europe,
a recent review showed greater DM risk in minority groups,
although high-quality data for minorities by country of birth
are generally not available [12]. Evidence suggests that
the higher levels of health status observed in immigrants
deteriorate with increasing length of residence in the host
country [13, 14]. These studies attribute this increase to the
acculturation process or the adoption of the cultural customs,
traditions, practices and behaviors of a host country or soci-
ety [15]. Specifically, acculturation is influenced by social
and cultural factors of the society of origin and of the host
society, such as national immigration processes, integration
policies, attitudes toward immigration and social support
[16, 17], which can be different according to subgroups of
the population. These aspects are often not accounted for to
explain the deterioration of immigrants’ health regardless of
their legal status and socioeconomic position [18].

While there are several studies of DM in Spain, only a
few included findings for immigrant populations [19-21].
A study in Madrid Community on chronic disorders includ-
ing DM in all Spanish citizens, found that Latin Americans
had lower DM prevalence relative to Spanish nationals [21].
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Moreover, a multicenter national study in Spain found a
lower control of T2DM in all immigrant groups relative to
natives [19]. However, these studies aggregate immigrant
populations according to large regions (Latin America,
Africa, East Europe, etc.) and have not always used the
same aggregation (i.e., Latin America, Ibero-America and
South America). These limitations could mask true differ-
ences between immigrant and native populations. To address
these important gaps, this study aims to investigate the asso-
ciation of country of birth (Andeans vs Spanish-born) with
the prevalence of T2DM; and whether this association vary
with age, sex and length of residence. For this analysis, the
Andean immigrant population was examined as a whole and
disaggregated by country of birth (Ecuador, Peru, Colombia
and Bolivia).

Methods
Design and data source

A population-based study was conducted using the National
Health Insurance database of the Community of Madrid
(NHDM) and electronic health records of Primary Health-
care Service of Madrid (AP-MADRID). These data contain
anonymized clinical information of all the primary health
care centers of Madrid and include among other informa-
tion sociodemographic characteristics and health conditions
coded according to the International Classification of Pri-
mary Care (ICPC). Data from AP-MADRID have demon-
strated validity for the conduct of health services research
and epidemiological studies [22—25], including the testing of
the validity and reliability of DM and hypertension diagnosis
codes [22, 23]. The current study is part of the Heart Healthy
Hoods Project (hhhproject.eu), a European Research Council
funded project aiming to examine the association of social
and physical features of the urban environment with cardio-
vascular health among adults aged 40-75 years in Madrid
city [26].

Study population

The Spanish National Health System provides health cover-
age to 95% of the population in Spain. The primary care is
the main entrance to the national health system and is the
level of care where most of the care contacts take place. The
population coverage for adults aged 40-75 years is around
91% [27]. The study population was selected according to
the HHH Project [26] using the following inclusion cri-
teria: (a) individuals registered at one of the 128 primary
health care centers of Madrid city; (b) who have the place
of residence in the Municipality of Madrid; (c) adults aged
40-75 years; (d) active registers on June 30, 2015; and (e)
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in case of DM diagnosis: those with T2DM. From the total
provided database (n=1,434,402), we only included those
records with country of birth information, Spain or Andean
countries (Ecuador, Bolivia, Peru or Colombia), resulting in
an analytical sample of 1,258,931 records.

Study variables
Dependent variable

The dependent variable was T2DM diagnosis (yes/no),
defined by the Primary Health Service of Madrid through
the T90 ICPC code and the methods used for periodic
exploitations of indicators monitoring the service portfolio
of Primary Healthcare Service of Madrid.

Independent variable

The independent variable was country of birth, specified as
the self-report of being born in Spain or in selected Andean
countries, as is defined in the NHDM, regardless of citi-
zenship status. Andeans were defined as an aggregate (all
Andeans) and disaggregated by country of birth (Ecuador,
Colombia, Peru and Bolivia). Hereafter, we refer to those
born in Spain as natives.

Covariates

Covariates considered during the analyses were sociodemo-
graphic (sex, age and length of residence) and clinical (dys-
lipidemia and hypertension) variables. Age was calculated as
the difference between the data extraction date and the par-
ticipant’s birth date. For analytical purposes, age was used
as categorical according to population tertiles distribution
(4049, 50-60 and 61-75) for the descriptive analysis; and
as continuous for the regression analyses. For the immigrant
population, length of residence was determined using as
proxy the time from immigrant’s registration to the NHDM
until the data extraction date. Length of residence was cat-
egorized into four groups (0-6, 7-10, 11-13 and 14-more)
based on its distribution in the population. Because evidence
suggests that recent immigrants have better health outcomes
than immigrants with longer stay in the host countries [13,
28], we considered two categories for the lower tertile (0—6
and 7-10). Moreover, for analytic purposes, a variable com-
bining country of birth and length of residence was created
and coded as those from Andean countries with 6 or fewer
years of residence; Andean with 7-10 years of residence;
Andean with 11-13 years of residence; Andean with 14 or
more years of residence; and finally, Spanish-born. Dyslipi-
demia and uncomplicated hypertension have been consid-
ered as risk factors for diabetes [29]. These conditions were
specified as the presence/absence of these conditions (yes/

no), based on physician diagnoses using T93 and K86 ICPC
codes, respectively.

Statistical analysis

Descriptive analyses were conducted for individual charac-
teristics for all Andeans and according to country of birth
compared to the Spanish-born population. Differences were
determined using the 7 test for continuous variables with a
normal distribution and Chi-square statistic for categorical
variables.

We used logistic regression to quantify the association
between country of birth and T2DM. Foreign-born was
examined first as an aggregate (Andeans) and then accord-
ing to country of birth (Bolivia, Ecuador, Peru and Colom-
bia). We fitted the following models: (1) unadjusted model;
(2) adjusted for sex and age; and (3) finally, additionally
adjusted for dyslipidemia and hypertension. Interactions of
country of birth with sex, age and length of residence were
examined in the fully adjusted model.

A 0.05 significance level was used to assess statistical
significance for all comparisons and associations. All data
management and statistical analyses were conducted with
Stata software version 14.0, StataCorp LP, College Station,
TX, USA.

Results

Table 1 presents the characteristics of the study popula-
tion by country of birth. Andeans were younger (49.6 vs
55.6 years) and more likely to be women (57.1 vs 53%) than
natives. Among Andeans, the largest proportion was from 40
to 49 years old. Bolivians were the youngest (mean age 48.2
vs 55.6 years) and had a higher proportion of women (64.5
vs 53%) relative to natives. Natives had higher prevalence of
hypertension (21.7%) and dyslipidemia (28.2%) than Ande-
ans. Among Andeans, Colombians had the highest preva-
lence of hypertension (11.3) and Peruvians, the highest one
of dyslipidemia (24.4%). Overall, most Andeans had resided
in Madrid for at least 11 years, except for Bolivians who
had resided 7-10 years. This distribution varied according
to country of birth, mainly in Bolivians and Ecuadorians. In
the Online Resource TS1, we present detailed distribution
for the study population by length of residence.

Table 2 shows the distribution of the unadjusted T2DM
prevalence. Natives had almost twice the prevalence of
Andeans (7.9 vs 4.6%). Compared to Spanish-born, Ecua-
dorians had the highest prevalence among Andeans. Among
Ecuadorians, women had higher T2DM prevalence than
men, among Bolivians, women had similar prevalence than
men. However, in natives and other Andeans, the prevalence
was higher in men than in women. The T2DM prevalence

@ Springer



1068

Acta Diabetologica (2020) 57:1065-1072

Table 1 Distribution of selected sociodemographic characteristics
40-75 years by country of birth in Madrid city: 2015

and risk factors of type 2 diabetes mellitus (T2DM) for adults aged

Natives Andeans p value
n=1,144980 n=113,951

Bolivia Colombia Peru Ecuador p value®
n=11,857 n=22417 n=29,879 n=49,798

Age, mean (SD) 55.6 (10.3) 49.6 (7.6) <0.0001
Age (%) <0.0001
40-49 34.2(391,325)  57.1 (64,963)
50-60 32.0 (366,482)  33.0 (37,648)
61-75 33.8 (387,173) 9.9 (11,340)
Sex (%) <0.0001
Women 53.0 (606,532)  57.1 (65,032)
Men 47.0 (538,448) 42.9 (48,919)
Hypertension (%) <0.0001
21.7 (248,753) 8.1(9243)
Dyslipidemia (%) <0.0001
28.2 (322,299)  22.9 (26,069)
Length of residence® <0.0001
0-6 years - 9.5 (10,761)
7-10 years - 21.8 (24,695)
11-13 years - 37.9 (42,894)
> 14 years - 30.8 (34,917)

48.2 (6.9) 50.4 (7.9) 50.5 (8.1) 49.0 (7.3) <0.0001
<0.0001
64.2 (7607) 52.4(11,736) 52.4(15,672) 60.1 (29,948)
29.6 (3512)  35.6 (7985) 35.2(10,502) 31.4 (15,648)
6.2 (738) 12.0 (2695) 12.4 (3705) 8.5 (4202)

<0.0001
64.5(7648) 60.2 (13,497) 54.5(16,290) 55.4 (27,597)
35.5(4209) 39.8 (8920) 45.5(13,589) 44.6 (22,201)

<0.0001

5.6 (668) 11.3 (2523) 7.3 (2170) 7.8 (3882)

<0.0001
17.2(2042) 23.6 (5287) 24.4 (7303) 23.0 (11,437)

<0.0001

9.1 (1069) 13.9 (3096) 15.7 (4677) 3.9(1919)
53.5(6295) 19.9 (4423) 32.8 (9755) 8.5 (4222)
29.7(3494)  34.5(7663) 25.3 (7530) 48.9 (24,207)

7.7(0911)  31.7 (7040) 26.2 (7782) 38.7 (19,184)

#Each country was compared versus natives: p values for 7 test for age and Chi-squared statistics for age group, sex and length of residence

b for length of residence=113,267

Table 2 Unadjusted prevalence
(%) of T2DM for selected
sociodemographic characteristic

Natives
n=1,144,980

Andeans Bolivia Colombia Peru Ecuador
n=113,951 n=11,857 n=22417 n=29,879 n=49,798

for adults aged 40-75 years in Overall 7.9
Madrid city: 2015

Age
4049 22
50-60 6.1
61-75 15.4
Sex
Women 6.3
Men 9.8
Length of residence®
0-6 years -
7-10 years -
11-13 years  —
> 14 years —

4.6 4.1 4.3 4.2 5.1
25 23 2.1 22 2.8
6.0 59 5.1 4.7 7.2
12.5 13.1 11.6 11.1 14.1
4.6 4.1 4.0 3.8 55
4.6 4.0 4.7 4.6 4.7
3.6 33 3.6 3.0 5.6
3.9 4.0 3.4 3.8 4.4
4.7 3.8 4.1 4.4 5.2
53 7.1 55 52 5.2

T2DM Type 2 diabetes mellitus

n for length of residence=113,267

was higher in the Andeans who had resided longer in Spain;
a similar pattern was observed by country of birth except
in Ecuadorians. In the Online Resource TS2, we present
standardized prevalence using the Spanish population of
01/01/2015 as reference.

Table 3 shows the results for the associations between
country of birth and T2DM prevalence. In the unadjusted
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analyses, Andeans had lower odds of T2DM (OR 0.56 95%
CI 0.55-0.58); the lower odds was also observed regard-
less of country of birth. However, after adjusting for age
and sex (Model 1), Andeans had higher odds of T2DM than
natives (OR 1.05 95% CI 1.02-1.08), with Ecuadorians (OR
1.25 95% CI 1.20-1.30) and Bolivians (OR 1.11 95% CI
1.01-1.22) exhibiting the highest odds. Finally, the fully
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Table 3 Association of T2DM with country of birth among adults
aged 40-75 years in Madrid city: 2015

Unadjusted Model 1° Model 2°
OR (95% CI) OR (95% CI) OR (95% CI)
Origin
Natives 1 1 1

Andeans 0.56 (0.55-0.58) 1.05 (1.02-1.08) 1.13 (1.10-1.17)
Country of birth

Natives 1 1 1

Bolivians 0.49 (0.45-0.54) 1.11(1.01-1.22) 1.28 (1.16-1.40)

Colombians 0.52 (0.49-0.56) 0.93 (0.87-0.99) 0.96 (0.89-1.02)

Peruvians  0.51 (0.48-0.54) 0.85 (0.80-0.90) 0.94 (0.88-0.99)

Ecuadorians 0.63 (0.61-0.66) 1.25 (1.20-1.30) 1.34 (1.28-1.39)

T2DM Type 2 diabetes mellitus
# Adjusted for age and sex
® Additionally adjusted for sex, age, dyslipidemia and hypertension

adjusted model (Model 2) showed that the probability of
T2DM in Andeans was 13% (95% CI 1.10-1.17) greater
than the natives. As with Model 1, Bolivians and Ecuado-
rians had greater odds, whereas Peruvians had lower odds
relative to natives.

Heterogeneity of the association between country of birth
and T2DM was observed for age groups (p <0.01) and sex
(p interaction < 0.01). Andeans had higher odds of T2DM
than natives in all the age groups. With the highest odds for
Andeans aged 50-60 years (OR 1.20 95% CI 1.15-1.26;
Table 4). Andean women had a 31% higher likelihood of
T2DM than native women whereas Andean men had 6%

lower odds than native men (Table 4). According to the
country of birth, these results were significant only for
Bolivian and Ecuadorian women, who had greater odds of
T2DM than native women; and for Colombian and Peruvian
men, who had lower odds than native men.

Andeans who had resided 11 years or more in the city
had at least 19% greater odds of T2DM than natives (Online
Resource TS3). Despite the lack of heterogeneity by length
of residence (p =0.052), we included the associations for
country of birth in Online Resource TS3. Among Boliv-
ians, a pattern of higher probability of T2DM is observed as
length of residence increased. Compared with natives, Ecua-
dorians had greater odds regardless of length of residence,
whereas Colombians and Peruvians with 10 years or less of
length of residence showed lower or equal odds of T2DM.

Discussion

In this population-based study, Andean immigrants showed
a greater odds of T2DM compared to natives, with Ecua-
dorians and Bolivians having greater odds than natives.
Heterogeneity of this association was observed according
to age and sex; when compared with natives, Andeans aged
50-60 years old and women had higher odds of T2DM,
whereas Andean men showed lower odds of T2DM. Moreo-
ver and although not statistical heterogeneity was observed,
the odds of T2DM seemed to increase with length of resi-
dence among Andeans relative to natives. This pattern was
also observed across country of birth.

Table 4 Association of T2DM and country of birth among adults aged 40—75 years in Madrid city according to age and sex: 2015

Age? 40-49 year 50-60 year 61-75 year
OR (95% CI) OR (95% CI) OR (95% CI)

Origin

Natives 1 1 1

Andeans 1.07 (1.01-1.13) 1.20 (1.15-1.26) 1.10 (1.04-1.16)
Sex® Women OR (95% CI) Men OR (95% CI)
Origin

Natives 1 1

Andeans 1.31 (1.26-1.36) 0.94 (0.90-0.98)

Country of birth
Natives 1

1

Bolivians
Colombians
Peruvians

Ecuadorians

1.36 (1.23-1.56)
1.00 (0.91-1.09)
1.03 (0.95-1.12)
1.66 (1.57-1.75)

1.02 (0.87-1.19)
0.89 (0.80-0.98)
0.85(0.79-0.93)
1.00 (0.94-1.07)

T2DM Type 2 diabetes

#Adjusted for sex, age as continuous variable, dyslipidemia and hypertension

®Adjusted for age as continuous variable, dyslipidemia and hypertension
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To the best of our knowledge, there are no previous
studies focusing on Andean populations in Spain or
Europe. Associations of region of origin with DM have
been studied in the USA [13, 30, 31]. South Americans
had 40% lower probability of DM than Mexicans [30].
Another US study showed that compared with European
men and women, South American men had 12% higher
odds of DM, whereas South American women had 12%
lower odds [31].

Interestingly, these four Andean countries have lower
prevalence of T2DM than Spain according to the Interna-
tional Diabetes Federation (IDF) and the WHO [2, 32]. It is
worth noting that the population who migrates and the one
staying in their home countries have different characteris-
tics. For example, immigrant populations are mostly young
populations [9], as shown in our results. In addition, not all
immigrants come from the poorest countries or from the
lowest socioeconomic strata. For instance, most of Peru-
vian immigrants belong to the two highest income quintiles
per capita while the majority of those from Ecuador and
Bolivia come from the two lowest quintiles [33]. Moreover,
the settlement of the Andean population in Spain is mostly
in Madrid, Ecuadorians and Bolivians tend to experience
higher social isolation than Peruvians and Colombians [34].
Our findings of higher odds among Andeans, as a group or
by country of birth relative to natives underscore the need to
study this population given the variation of these population
characteristics.

Andeans show a higher probability of T2DM than natives
regardless of age group. While there are no studies showing
results by age groups in immigrant populations, this find-
ing may be important given that the Andean population is
younger than the native one. In fact, a study conducted in
Canada showed that some immigrant groups, such as Asians
and Blacks, developed DM earlier compared with natives
[35]. This finding calls attention to our finding of higher
odds of T2DM in Andeans even at younger ages since early
onset of DM has been linked to more severe and complicated
disease [35].

Ecuadorian and Bolivian women have higher likelihood
T2DM than native women, whereas Peruvian and Colom-
bian men have lower odds of T2DM than the native men.
Interestingly, international comparisons show that among
the countries considered here, Colombian women are the
only with higher DM prevalence than Spanish women and
that Andeans men have lower prevalence than Spanish men
[32]. The US study examining the association of country of
birth with DM according to sex found similar odds of DM
for South American men and women when compared with
Mexicans [30]. Our findings underscore the need to examine
DM not only for country of birth but also by sex to elucidate
possible differences within and between the immigrant and
native population.

@ Springer

When considering length of residence, Andeans who live
in Madrid for at least 11 years have a significantly higher
probability of T2DM than natives. While comparisons with
previous studies are difficult due to different methodologies
or the focused on different origins [22, 24, 30], our find-
ings are consistent with previous studies showing higher
T2DM prevalence as length of residence increases. It is
worth noting that only two of these studies have included
South Americans [30, 36] with one of them finding that a
higher odds of DM in those with 10 or more years relative
to those with less than 10 years in the USA [30]. In Spain,
few studies have consistently shown poor outcomes among
immigrants with longer length of residence for perceived
health [37], obesity [38] and multimorbidity [39]. However,
these studies did not show data disaggregated by country of
birth or relative to natives.

While studies have included length of residence as a
measure of acculturation, these studies are unable to explain
their finding of worse outcomes as length of residence
increases [36, 40]. However, it is possible that structural
and socioeconomic factors and conditions related to health
outcomes such as structural inequality, social mobility and
socioeconomic position [41] may affect immigrants in the
host country contributing negatively to their health status
as time to such exposure increases. While more studies on
immigrant populations’ health are still needed [42], as well
as the best strategies to addresses it [43], this study provides
a specific look at an important population group in Spain
and Europe.

Several limitations to this study must be considered
including some unique to the use of an administrative
database. First, while we use the best proxy available for
length of residence for immigrants, it is possible that length
of residence may be underestimated as not all immigrants
register right away with the NHDM. The latter may have
underestimated our results. Second, it is possible that some
irregular immigrants (illegal immigrants) may be unrep-
resented because the Spanish Royal Decree-Law 16/2012
limited their access to health care in 2012. However, in
2014, Madrid expanded its coverage, including people with
chronic conditions, besides several primary health care cent-
ers opposed this action. Third, information on important
covariates was missing. For instance, we could not adjust
for potential confounders, like BMI or use of the service, as
data were not available. Despite these limitations, this study
relies on a large sample including data from the whole popu-
lation of Madrid city [9]. This is especially relevant when
studying immigrant populations as it allowed us to assess
not only country-specific subgroups but also effect meas-
ure modifiers by age, sex and length of residence. Another
strength is the representation of all primary health care cent-
ers of Madrid city. Finally, this is the only study in Spain and
Europe showing the T2DM prevalence in Andean immigrant
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populations as a whole and disaggregated by country of
birth. These findings emphasize the importance of study-
ing immigrant population in a detailed and disaggregated
manner and may suggest the need for specific clinical and
preventive approaches for this population.
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